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. CC-BY 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/114918 doi: bioRxiv preprint first posted online Mar. 7, 2017; 8 clogs. Concentrations were quantified with a 7-point external calibration using standards 1 4 0 prepared in 0.32 N HNO 3 from a multi-element standard mix (High Purity Standards). DOM to CO 2 , but the resulting matrix is too acidic for direct ICP-MS introduction. Therefore, ICP-MS analysis, and analyzed by ELEMENT2 ICP-MS along with parallel blank solutions. DNA and total RNA extraction kits, respectively, as described in Lin, et al. (68) . RNA was cleaned with a TURBO DNA-free kit (Ambion). Nucleic acid purity was analyzed for 260/280 1 5 5 absorbance ratio (1.8-2.0) on a NanoDrop spectrophotometer. cDNA was synthesized using the 1 5 6
GoScript reverse transcription system (Promega) according to the manufacturer's protocol. Plasmid standards for qPCR were constructed according to Lin, et al. (66) . Primer pairs 1 5 8 are given in Table 1 . The gene fragments of nifH, pmoA and mcrA for constructing plasmid 1 5 9 standards for qPCR were amplified from genomic DNA of Rhodobacter sphaeroides,
Methylococcus capsulatus Bath, and S1 peat bog peat soil, respectively. To prepare cDNA . CC-BY 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/114918 doi: bioRxiv preprint first posted online Mar. 7, 2017; 1 8 0 sequencing using a 454 platform. Raw sequences were demultiplexed, trimmed, and quality Likelihood method based on the Kimura 2-parameter model in MEGA5 (96). spp. and surrounding soil) were collected from 0-10 and 10-30 cm depths in September 2013, homogenized. For each sample, 5 g of bulk peat were placed in 70 mL glass serum bottles, 1 8 9 stoppered with black bromobutyl stoppers (Geo-Microbial Technologies, pre-treated by boiling 1 9 0 3x in 0.1 M NaOH) and sealed with an aluminum crimp seal. Headspaces were oxic (room air, 1 9 1 80% N 2 + 20% O 2 ) or degassed (100% N 2 or 80% N 2 + 20% CO 2 ) with or without 1% C 2 H 2 or 1 9 2 1% CH 4 . Treatments were incubated for one week at 25°C in the light or dark. A gas column was used to quantify CH 4 , C 2 H 2 and C 2 H 4 . Samples were measured for C 2 H 4 production 1 9 5 daily until C 2 H 4 production was linear (~7 days). Controls not amended with C 2 H 2 did not headspace with and without 1% C 2 H 2 were also monitored for consumption of 1% CH 4 .
9 8
Statistical analysis was performed with JMP Pro (v. 12.1.0) using the Tukey-Kramer HSD Metagenomic analyses. Metagenomes were generated in a previous study (67).
0 9
Diazotrophic and methanotrophic pathways were investigated using the following bioinformatics higher were retained to determine the total number of functional genes for normalization across To classify sequences by nitrogenase cluster type, genes were analyzed using BLASTX (e-value 0.1; bit-score 50) versus a custom nifH database that includes a phylogenetic tree to IV, nifH-like sequences (28). nifH genes from the four clusters were normalized to total protein- Nucleotide sequence accession numbers. Metagenomes were reported in a previous cDNA amplicons were reported in a previous study (24) and decreased with depth ( Fig. S1b) . Phosphate was <0.1 μM from the surface to 25 cm depth,
and then increased with depth ( Fig. S1c) . For the metal pairs of greatest interest to this study, V 2 3 4
(5-21 nM) was consistently more abundant than Mo (1-7 nM; Fig. 3 ), and Fe (7-35
three orders of magnitude higher than Cu (7-38 nM; Fig. S3 ) at all three depth intervals (0-30, Table   2 3 9 S1). Macro-and micro-nutrient profiles were essentially identical in profiles from Zim bog, dominating nifH sequences and Bradyrhizobiaceae dominating nifD sequences (Fig. 2 ).
4 9
Additional alphaproteobacterial nif transcripts matched to Rhodospirillaceae, Rhizobiaceae,
Rhodobacteraceae, Methylocystaceae and Xanthobacteraceae (Fig. 2) . Gammaproteobacteria,
Cyanobacteria (Oscillatoriophycideae) and Nitrospira were also observed at lower abundance in
cDNA amplicon libraries (data not shown). . CC-BY 4.0 International license peer-reviewed) is the author/funder. It is made available under a
The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/114918 doi: bioRxiv preprint first posted online Mar. 7, 2017;
In metagenomes, nifH genes were roughly equally distributed between Mo-dependent 2 5 4 clusters I and III, and cluster IV/V paralogs ( Fig. 2 from metagenomes showed phylogenetic similarity to those from soil Proteobacteria (Fig. S4 ).
5 7
Attempts to amplify vnfD/anfD from cDNA yielded few reads; those recovered were most 2 5 8 similar to Alphaproteobacteria anfD from Rhodopseudomonas species (Fig. S4) . Methane-related gene expression and phylogeny. Like nifH, particulate methane Methylocystaceae (75%) and Methylococcaceae (25%). Surface mcrA transcripts mapped to Methanosarcina (58%), Methanocella (28%), and Methanoregula (11%). Attempts to amplify 2 6 4 mmoX from cDNA were unsuccessful (data not shown). In metagenomes, genes for pmoA were 2 6 5 dominant in surface peat, whereas the relative abundance of mmoX sequences increased with Rates of diazotrophy and methanotrophy. Potential rates of acetylene reduction were 2 6 8 measured for peat collected from S1 bog hollows and hummocks in April, June, August and detected in any incubation (data not shown). Sphagnum in peat incubations exposed to light 2 7 3 became visibly greener over the course of the incubation (Fig. 4) . In hollows, where surface peat was dominantly covered by a mix of S. fallax and S. angustifolium, ARA rates were higher and more variable in degassed vs. oxic incubations (0-163
. CC-BY 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/114918 doi: bioRxiv preprint first posted online Mar. 7, 2017; of organic nitrogen to ammonium, which is preferentially used as a nitrogen source by microbes. Alphaproteobacteria (Rhizobiales) dominate peatland nitrogenase sequences.
Diazotrophic methanotrophs have the potential to serve as a methane biofilter and a nitrogen 3 0 8
source for peatland ecosystems. Previous work showed that Alphaproteobacteria (Rhizobiales),
including Type II methanotrophs (63, 99), were the dominant diazotrophs in Sphagnum- studies, Rhizobiales showed the highest relative abundance in transcript libraries in this study.
1 6
Beijerinckiaceae and Bradyrhizobiaceae dominated nifH and nifD amplicons, respectively.
However, the complex taxonomic classification of Rhizobiales nifH and nifD genes (22) genes has been reported for Peltigera cyanolichens (45), but to our knowledge has not previously Molybdenum concentrations in S1 bog porewaters were 1-7 nM, which is within the Intriguingly, despite the presence of conditions that would be expected to favor 3 3 6 alternative nitrogenase expression (low pH, long winters, and Fe>V>Mo), our collective 3 3 7 evidence suggests that diazotrophy at the S1 bog was catalyzed by the Mo-containing form of the Methanotrophs are active in incubations and inhibited by acetylene. We performed amended with 1% CH 4 showed that methanotrophs were active in our incubations, and that the 3 5 2 black bromobutyl stoppers we used were not toxic to peatland methanotrophs, whereas non- CH 4 consumption, demonstrating that the methanotrophs in our incubations were C 2 H 2 sensitive, observed (24, 68). This finding is also consistent with higher transcription of pmoA vs. mmoX in 3 6 0 other acidic peatlands (10, 53, 63) . In laboratory studies, the "copper switch" from sMMO to 3 6 1 pMMO supported growth occurs when Cu > 1 μM (90), which is several orders of magnitude 3 6 2 higher than Cu concentrations measured at the S1 bog (7-38 nM). It is possible that the "copper peat matrix, with characteristically high levels of particulate and dissolved organic matter, likely 3 6 6 also affects metal bioavailability in complex ways (98) not addressed in our study. in Kox, et al. (59)) and had minimal effect on oxic 15 N 2 incorporation, suggesting that C 2 H 2 -and incorporation instead of, or in addition to, ARA.
Based on nif, pmoA and mcrA phylogeny from native peat, the O 2 -and C 2 H 2 -sensitive
diazotrophs were likely methanotrophic Beijerinckiaceae that can only fix N 2 under micro-oxic
conditions, and/or strict anaerobes in cluster III, such as methanogenic Euryarchaeota. These two families are the most active in surface peat based on transcript and amplicon sequences. Since nifH transcripts were 1-4 orders of magnitude lower in our incubations than native peat, it 3 8 1 is likely that diazotrophs were stressed, possibly due to O 2 exposure during the sampling process. 7, 2017; binding for sequences from soil ecosystems). However, it is important to be aware that the F1/R6 4 0 0 primer set contains a number of mismatches with cluster III in peatlands, including 4 0 1 methanogenic Euryarchaeota represented (Fig. S7) . In order to maximize sequence coverage, we water table depth at the S1 site in July 2013 was 2 cm below the hollow surface (dotted line)
(38). peat. Rates were measured for samples collected from the NW S1 bog transect in September . CC-BY 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/114918 doi: bioRxiv preprint first posted online Mar. 7, 2017;  
12.
Clymo, R. 1984. The limits to peat bog growth. Philos T Roy Soc B 303:605-654. Ecology. Springer. . CC-BY 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/114918 doi: bioRxiv preprint first posted online Mar. 7, 2017;  
43.
Hill analysis of environmental sequences using MEGAN4. Genome research 21:1552-1560. Analysis of methanotrophic bacteria in Movile Cave by stable isotope probing. Environ Microbiol 6:111-120. . CC-BY 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/114918 doi: bioRxiv preprint first posted online Mar. 7, 2017;  
